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Assuming that the f ′2(1525) and K
∗
2 (1430) resonances are dynamically generated states from the
vector meson-vector meson interactions in S-wave with spin S = 2, we study the γp → f ′2(1525)p
and γp → K∗2 (1430)Λ(Σ) reactions. These reactions proceed in the following way: the incoming
photon first mutates into a ρ0, ω, or φ meson via vector meson dominance, which then interacts with
the ρ0, ω or K∗ emitted by the incoming proton to form the tensor mesons f ′2(1525) and K
∗
2 (1430).
The picture is simple and has no free parameters, as all the parameters of the mechanism have been
fixed in previous studies. We predict the differential and total cross sections of these reactions. The
results can be tested in future experiments and therefore offer new clues on the nature of these
tensor states.
PACS numbers: 13.60.Le, 13.75.Lb, 14.40.Cs
I. INTRODUCTION
Recent observations of the new baryonic Pc states [1]
and the mesonic XY Z states [2–5] by various collab-
orations have challenged the conventional wisdom that
mesons are made of quark-antiquark pairs and baryons
are composed of three (anti)quarks in the naive quark
model. These findings have attracted a lot of attention
from the theory side. Various explanations of these states
have been proposed, such as molecules, mutiquark com-
pact objects, kinematic effects, or mixtures of compo-
nents of different nature. Up to now none of them has
been accepted unanimously. This is not surprising, given
limited experimental constrains and the fact the various
components of a hadron are not observables themselves.
Furthermore, it is quite likely that a specific reaction or
decay process can only review part of the nature of the
hadrons under investigation. Clearly, the only way to
understand the nature of a hadron is to examine it from
all possible ways, both experimentally and theoretically.
Nevertheless, it seems clear that Nature is richer than
it is preferred to be. In this respect, it is not surpris-
ing to find out that many low-lying states, even those
long believed to be conventional qq¯ (or qqq) states, may
have large components of other nature. Indeed, it has
been shown that many of the low-lying mesonic states can
be understood not only as qq¯ states but also as meson-
meson molecules, dynamically generated in the so-called
unitary approaches. One of such examples are the ten-
∗Electronic address: lisheng.geng@buaa.edu.cn
sor states: f2(1270), f
′
2(1525), and K
∗
2 (1430). They are
found dynamically generated from the vector meson -
vector meson interactions [6–8], obtained in the coupled-
channel Bethe-Salpeter equations by unitarizing the tree-
level hidden gauge diagrams [9–12].
The molecular nature of these tensor states has been
extensively tested in a large number of processes, for
instance, the two-photon decay of the f2(1270) [13];
the two-photon and one photon-one vector decays of
the f2(1270), f
′
2(1525) and K
∗
2 (1430) [14]; the J/ψ →
φ(ω)f2(1270), f
′
2(1525) and J/ψ → K∗0(892)K¯∗02 (1430)
decays [15]; the radiative decay of J/ψ into f2(1270)
and f ′2(1525) [16]; the ψ(2S) decays into ω(φ)f2(1270),
ω(φ)f ′2(1525), K
∗0(892)K¯∗ 02 (1430) and the radiative de-
cays of Υ(1S),Υ(2S), ψ(2S) into γf2(1270), γf
′
2(1525),
γf0(1370), and γf0(1710) [17, 18]; the ratio of the decay
widths of B¯0s → J/ψf2(1270) to B¯0s → J/ψf ′2(1525) [19].
The agreement with experimental data turns out to be
quite good in general, providing support to the under-
lying assumption that these states contain large meson-
meson components.
In a recent work [20], taking the molecular picture for
the f2(1270) resonance, the γp→ pf2(1270) reaction has
been studied. It was found that the theoretical results
of the differential cross sections are in agreement with
the experimental data of Ref. [21], providing first sup-
port for the molecular picture of the f2(1270) state in a
baryonic reaction. In this work, we extend the formalism
proposed in Ref. [20] to study the γp → f ′2(1525)p and
γp → K∗2 (1430)Λ(Σ) reactions. One should stress again
that as the only way to unravel the nature of a hadron
is via different reactions and decay processes, we deem
such studies very timely and important.
The present article is organized as follows. In Sec. II,
2we introduce the formalism and the main ingredients of
the model. In Sec. III, we present our main results, and
a short summary and conclusions are given in Sec. IV.
II. FORMALISM AND INGREDIENTS
A. Feynman amplitudes
From the perspective that the f ′2(1525) and K
∗
2 (1430)
resonances are dynamically generated from the vector-
vector (V V ) interactions, the f ′2(1525) and K
∗
2 (1430)
photoproductions proceed via the creation of two vec-
tor mesons by the γp initial state in a primary step and
the following interaction (rescattering) of the two vector
mesons, thus dynamically generating the resonance. This
corresponding Feynman diagrams are shown in Fig. 1
for the γp → f ′2(1525)p reaction and Fig. 2 for the
γp→ K∗2 (1430)Λ(Σ) reaction.
γ
k
ρ0, ω, φ
q
ρ0, ω
f ′2(1525)
pf ′
2
p
p
p
p′
FIG. 1: Diagrammatic representation of the f ′2(1525) photo-
production, where k, p, p′, q, pf2 are the four-momentum of
the involved particles and q = p′ − p.
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FIG. 2: Diagrammatic representation of the γp →
K∗2 (1430)Λ(Σ) reaction.
As can be seen from Figs. 1 and 2, the photon first
gets converted into one vector meson, a characteristic of
the local hidden gauge formalism, which then interacts
with the other vector emitted by the proton. To evaluate
the Feynman amplitudes, we need the coupling of the
tensor meson to the respective vector mesons, gV VT , the
γ-V coupling, and the V NN coupling. In the unitary
approach, the amplitude close to a pole that represents
a resonance can be written in the following way
tpole ≃
(
gV VT
)2
P
(2)
initialP
(2)
final
s− sR , (1)
P
(2)
initial =
1
2
(ǫ
(1)
i ǫ
(2)
j + ǫ
(1)
j ǫ
(2)
i )−
1
3
ǫ
(1)
l ǫ
(2)
l δij , (2)
P
(2)
final =
1
2
(ǫ
(3)
i ǫ
(4)
j + ǫ
(3)
j ǫ
(4)
i )−
1
3
ǫ(3)m ǫ
(4)
m δij , (3)
where sR is the pole position and g
V V
T the coupling of the
resonance to the V V component in isospin I = 0(1/2)
and spin S = 2. The Eq. (1) is the representation of
a resonance amplitude, for instance the f ′2(1525) and
K∗2 (1430) in the present case, as shown in Fig. 3 (a). The
P
(2)
initial/final projects the initial and final V V pair into spin
two. Then the coupling of a tensor resonance to V V is
given by the diagram of Fig. 3 (b), and is expressed in
terms of the following vertex [13]
tR→V V = g
V V
T P
(2)
initial, (4)
where the values for gV VT are shown in Table I, taken
from Ref. [7].
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FIG. 3: (a): The V V → V V amplitude dominated by
the f ′2(1525) or K
∗
2 (1430) pole; (b): Representation of the
f ′2(1525) or K
∗
2 (1430) coupling to V V .
TABLE I: The coupling constants of f ′2(1525) and K
∗
2 (1430)
to V V .
Resonance Channel gV VT (MeV)
f ′2(1525) ρρ (−2443, i649)
ωω (−2709, i8)
φω (5016,−i17)
K∗2 (1430) ρK
∗ (10901,−i71)
ωK∗ (2267,−i13)
φK∗ (−2898, i17)
The γ-V conversion vertex can be obtained from the
local hidden gauge Lagrangians [9–12] (see Ref. [22] for
a practical set of rules) and one has [23]
− itγV = −iCγV eM
2
V
g
ǫµ(V )ǫ
µ(γ), (5)
3with
g =
Mρ
2f
; f = 93 MeV;
e2
4π
=
1
137
, (6)
and
Cγρ =
1√
2
; Cγω =
1
3
√
2
; Cγφ = −1
3
. (7)
The other ingredient that we need is the vector-baryon-
baryon vertex, which is given by the Lagrangian
LBBV = g(< B¯γµ[Vµ, B] > + < B¯γµB >< Vµ >). (8)
From this, one can easily obtain the ρ0pp, ωpp, K∗+pΛ,
K∗+pΣ0, and K∗0pΣ+ vertices,
− itρ0pp = i
g√
2
p¯γµpǫµ(ρ
0), (9)
−itωpp = i 3g√
2
p¯γµpǫµ(ω), (10)
−itK∗+pΛ = −i
3g√
6
Λ¯γµpǫµ(K
∗), (11)
−itK∗+pΣ0 = −i
g√
2
Σ¯γµpǫµ(K
∗), (12)
−itK∗0pΣ+ = −igΣ¯γµpǫµ(K∗). (13)
There is one more subtlety to consider. The amplitude
of Eq. (1) is evaluated for a V V state in the unitary
normalization, which for I = 0 and I = 1/2 are given as
follows (recall |ρ+ >= −|1,+1 >),
|ρρ, I = 0 >= − 1√
6
(ρ+ρ− + ρ−ρ+ + ρ0ρ0), (14)
|ωω, I = 0 >= 1√
2
(ωω), (15)
|φω, I = 0 >= (φω), (16)
|ρK∗, I = 1/2, I3 = 1/2 >=
√
2
3
(ρ+K∗0),
−
√
1
3
(ρ0K∗+), (17)
|ρK∗, I = 1/2, I3 = −1/2 >=
√
1
3
(ρ0K∗0),
−
√
2
3
(ρ−K∗+), (18)
|ωK∗, I = 1/2 >= (ωK∗), (19)
|φK∗, I = 1/2 >= (φK∗). (20)
Considering the vertices described above, we obtain
the weights WV VT for γp → f ′2(1525)p and γp →
K∗2 (1430)Λ(Σ) reactions (Table II). They account for the
factor of Eq. (5), Eqs. (9-13), the components of the V V
state in the good normalization and the couplings of the
resonances to the V V channel. In the case of two identi-
cal particles the coupling is multiplied by an extra factor
TABLE II: Weights for the γp → f ′2(1525)p and γp →
K∗2 (1430)Λ(Σ) reactions. The f
′
2(1525) and K
∗
2 (1430) are ab-
breviated as f ′2 and K
∗
2 , respectively.
Reaction W V VT
γp→ f ′2(1525)p ρ
0ρ0 − e√
6
g
ρρ
f ′
2
ωω e√
2
gωωf ′
2
φω − e√
2
g
φω
f ′
2
γp→ K∗+2 (1430)Λ ρ
0K∗+ e
2
g
ρK∗
K∗
2
ωK∗+ − e
2
√
3
gωK
∗
K∗
2
φK∗+ e√
6
g
φK∗
K∗
2
γp→ K∗+2 (1430)Σ
0 ρ0K∗+ e
2
√
3
g
ρK∗
K∗
2
ωK∗+ − e
6
gωK
∗
K∗
2
φK∗+ e
3
√
2
g
φK∗
K∗
2
γp→ K∗02 (1430)Σ
+ ρ0K∗0 − e√
6
g
ρK∗
K∗
2
ωK∗0 − e
3
√
2
gωK
∗
K∗
2
φK∗0 e
3
g
φK∗
K∗
2
of
√
2 to restore the good normalization from the cou-
plings calculated in Ref. [7] in the unitary approach as
shown in Eqs. (14-20).
Gauge invariance imposes a stringent constraint on
photonuclear processes, although sometimes not all of
the terms needed to have gauge invariance are numeri-
cally relevant [24, 25]. Nevertheless, in the present case,
a thorough study of gauge invariance was conducted in
Ref. [22] for the radiative decay of axial vector mesons
within the local hidden gauge approach, and in particular
in Ref. [13] for the amplitude ρρ → ργ, which is similar
to what we have here, with the two vector mesons inter-
acting to produce the tensor states. There it is concluded
that gauge invariance is encoded in the effective coupling
of the tensor states to the two vector mesons.
Considering the weights given above, the T matrix for
the diagram of Fig. 1 is given by
−iTγp→f ′
2
(1525)p = −ie(−
gρρf ′
2√
6
+
gωωf ′
2√
2
−
gφωf ′
2√
2
)
{1
2
[ǫi(γ)ǫj(V ) + ǫj(γ)ǫi(V )]− 1
3
ǫm(γ)ǫm(V )δij}
1
q2 −m2V
< p(M ′)|γµǫµ(V )|p(M) >, (21)
with M and M ′ the third spin component of the initial
and final proton. The V stands for the exchanged ρ0
or ω. We take mV = mρ = mω = 780 MeV in the
present calculation. Next, we perform the sum over the
polarizations of the vector meson exchanged in Fig. 1 and
4then we obtain
Tγp→f ′
2
(1525)p = e(−
gρρf ′
2√
6
+
gωωf ′
2√
2
−
gφωf ′
2√
2
)
1
q2 −m2V
[
1
2
ǫi(γ)(−gjµ + qjqµ
m2V
) +
1
2
ǫj(γ)(−giµ + qiqµ
m2V
)
−1
3
ǫm(γ)δij(−gmµ + qmqµ
m2V
)]
< p(M ′)|γµ|p(M) > . (22)
Following the same procedure, we obtain the transition
amplitudes for γp→ K∗2 (1430)Λ(Σ):
Tγp→K∗+
2
(1430)Λ = e(
gρK
∗
K∗
2
2
−
gωK
∗
K∗
2
2
√
3
+
gφK
∗
K∗
2√
6
)
1
q2 −m2K∗
[
1
2
ǫi(γ)(−gjµ + qjqµ
m2K∗
)
+
1
2
ǫj(γ)(−giµ + qiqµ
m2K∗
)− 1
3
ǫm(γ)δij(−gmµ + qmqµ
m2K∗
)]
× < Λ(M ′)|γµ|p(M) >, (23)
Tγp→K∗+
2
(1430)Σ0 = e(
gρK
∗
K∗
2
2
√
3
−
gωK
∗
K∗
2
6
+
gφK
∗
K∗
2
3
√
2
)
1
q2 −m2K∗
[
1
2
ǫi(γ)(−gjµ + qjqµ
m2K∗
)
+
1
2
ǫj(γ)(−giµ + qiqµ
m2K∗
)− 1
3
ǫm(γ)δij(−gmµ + qmqµ
m2K∗
)]
× < Σ(M ′)|γµ|p(M) >, (24)
Tγp→K∗0
2
(1430)Σ+ = e(−
gρK
∗
K∗
2√
6
−
gωK
∗
K∗
2
3
√
2
+
gφK
∗
K∗
2
3
)
1
q2 −m2K∗
[
1
2
ǫi(γ)(−gjµ + qjqµ
m2K∗
)
+
1
2
ǫj(γ)(−giµ + qiqµ
m2K∗
)− 1
3
ǫm(γ)δij(−gmµ + qmqµ
m2K∗
)]
× < Σ(M ′)|γµ|p(M) >, (25)
where we take mK∗ = mK∗+ = mK∗0 = 893.1 MeV.
In Eqs. (22)-(25), the latin indices run over 1, 2, 3 and
the µ index from 0, 1, 2, 3.
Then one can easily calculate
∑¯∑ |T |2. Here we give
explicitly the case of the γp→ f ′2(1525)p reaction, as an
example,
∑¯∑
|T |2 = e
2
96m2p(q
2 −m2V )2
| −
gρρf ′
2√
6
+
gωωf ′
2√
2
−
gφωf ′
2√
2
|2
∑
γ pol.
∑
i,j,m,l
∑
µ,µ′
[
1
2
ǫi(γ)(−gjµ + qjqµ
m2V
)
+
1
2
ǫj(γ)(−giµ + qiqµ
m2V
)− 1
3
ǫm(γ)δij(−gmµ + qmqµ
m2V
)]
[
1
2
ǫi(γ)(−gjµ′ + qjqµ
′
m2V
) +
1
2
ǫj(γ)(−giµ′ + qiqµ
′
m2V
)
−1
3
ǫl(γ)δij(−glµ′ + qlqµ
′
m2V
)]
Tr[( /p′ +mp)γ
µ(/p+mp)γ
µ′ ], (26)
where all the indices and the two photon polarizations
should be summed over, with the following expressions
of the latter,
ǫ(1)(γ) =


1
0
0

 ; ǫ(2)(γ) =


0
1
0

 , (27)
where we have assumed that the photon travels in the Z
direction.
B. Differential cross section
The differential cross section for γp → f ′2(1525)p and
γp→ K∗2 (1430)Λ(Σ) reactions are given by
dσ
dt
=
m2i
16πs|~k|2
∑¯∑
|T |2, (28)
with s the invariant mass squared of the γp system, and
m2i = m
2
p for γp → f ′2(1525)p reaction, m2i = mpmΛ
for γp → K∗+2 (1430)Λ reaction, and m2i = mpmΣ for
γp→ K∗2 (1430)Σ reaction. 1 The ~k is the three momenta
of the initial photon in the center of mass frame (c.m.),
and t = q2 = (p− p′)2.
The Eq. (28) can be generalized for the case when the
f ′2(1525) (K
∗
2 (1430)) is explicitly allowed to decay into
KK¯ (Kπ) by working out the three body phase space
and we find
d2σ
dMinvdt
=
m2i
8π2s|~k|2
M2invΓi
|M2inv −M2R + iMinvΓR|2
×
∑¯∑
|T |2, (29)
where Minv is the invariant mass distribution of the KK¯
or Kπ, ΓR is the total decay width of the f
′
2(1525)
1 We take mΣ0 = mΣ+ = 1191 MeV and mK∗+
2
= mK∗0
2
= 1429
MeV in this work.
5or K∗2 (1430) and Γi is the partial decay width of the
f ′2(1525) → KK¯ or K∗2 (1430) → Kπ. In the present
study, we choose the following decay modes: f ′2(1525)→
K+K−, K∗+2 (1430)→ K0π+, and K∗02 (1430)→ K+π−.
The f ′2(1525) → K+K− decay accounts for 1/2 of the
KK¯ decay of the f ′2(1525) which is 89% of the Γf ′2(1525),
while the K∗+2 (1430) → K0π+ or K∗02 (1430) → K+π−
decay accounts for 2/3 of the Kπ decay of the K∗2 (1430)
which is 50% of ΓK∗
2
(1430). Since the f
′
2(1525) → KK¯
and K∗2 (1430) → Kπ decays are in D-wave, in order to
have Γi and ΓR in the range of invariant masses that we
consider, we take
Γf ′
2
→KK¯(Minv) = Γ
on
KK¯(
q˜KK¯
q¯KK¯
)5
M2f ′
2
M2inv
, (30)
Γf ′
2
(Minv) = 0.89Γ
on
f ′
2
(
q˜KK¯
q¯KK¯
)5
M2f ′
2
M2inv
+ 0.11Γonf ′
2
, (31)
with Γonf ′
2
= 73 MeV, Γon
KK¯
= 32.5 MeV, Mf ′
2
= 1525
MeV [26], and
q˜KK¯ =
λ1/2(M2inv,m
2
K ,m
2
K¯
)
2Minv
, (32)
q¯KK¯ =
λ1/2(M2f ′
2
,m2K ,m
2
K¯
)
2Mf ′
2
, (33)
where λ is the Ka¨llen function with λ(x, y, z) = (x− y−
z)2 − 4yz.
Similarly, for the K∗2 decay modes, we take
ΓK∗
2
→Kpi(Minv) = Γ
on
Kpi(
q˜Kpi
q¯Kpi
)5
M2K∗
2
M2inv
, (34)
ΓK∗
2
(Minv) = 0.5Γ
on
K∗
2
(
q˜KK¯
q¯KK¯
)5
M2K∗
2
M2inv
+ 0.5ΓonK∗
2
, (35)
with ΓonK∗
2
= 104 MeV, ΓonKpi = 34.7 MeV [26], and
q˜Kpi =
λ1/2(M2inv,m
2
K ,m
2
pi)
2Minv
, (36)
q¯Kpi =
λ1/2(M2K∗
2
,m2K ,m
2
pi)
2MK∗
2
. (37)
III. NUMERICAL RESULTS
In Ref. [20] three models were considered, one is the
one we exposed here, and the other two contained an
additional tensor ρNN coupling and Regge propagators.
The results obtained there were very similar and in this
exploratory work we perform calculations only with one
of the models as specified above.
In Fig. 4 we show d
2σ
dMinvdt
for the γp→ pK+K− reac-
tion for at Eγ = 3.4 GeV and t = −1.2 GeV2, whereMinv
is the invariant mass ofK+K− system. The f ′2(1525) res-
onance is clearly seen, peaking aroundMinv = 1525 MeV
with an apparent width of about 60 MeV.
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FIG. 4: Theoretical predictions for the D-wave KK¯ mass
distribution of the γp → pK+K− reaction at Eγ = 3.4 GeV
and t = −1.2 GeV2
In Fig. 5 we show d
2σ
dMinvdt
for the γp→ Λ(Σ)Kπ reac-
tion at Eγ = 3.4 GeV and t = −1.2 GeV2, where Minv is
the invariant mass of the Kπ system. The K∗2 (1430) is
clearly seen in all the three decay modes, but the magni-
tude of the decay modes are quite different. Experimen-
tal confirmation of such a hierarchy constitutes a valid
check of the molecular picture of the K∗2 (1430) and the
reaction mechanism advocated here.
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FIG. 5: Theoretical predictions for the D-wave Kpi mass dis-
tribution of the γp→ Λ(Σ)Kpi reaction at Eγ = 3.4 GeV and
t = −1.2 GeV2
Fig. 6 shows dσ/dt at Eγ = 3.4 GeV for the four reac-
tion modes studied. We see that the slopes for the four
reactions are quite similar.
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FIG. 6: Differential cross sections dσ
dt
as functions of t at
Eγ = 3.4 GeV.
In addition to the differential cross section, we calcu-
late also the total cross section for the four reactions as
a function of the photon beam energy Eγ . The results
are shown in Fig. 7. The cross sections increase rapidly
away from threshold and soon becomes almost constant
at higher photon energies.
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FIG. 7: Total cross sections for the γp→ f ′2(1525)p and γp→
K∗2 (1430)Λ(Σ) reactions as functions of Eγ .
We stress again that the reaction formalism advocated
here involves no free parameters, which allow us to make
predictions for total cross sections. The differential and
total cross sections can be checked in future experiments,
such as those at CLAS. In this sense, the reaction mech-
anism can be easily tested.
IV. CONCLUSIONS
In recent years, it has been found that the f ′2(1525)
and K∗2 (1430) resonances, though long been accepted as
ordinary qq¯ states, can be dynamically generated from
the vector meson-vector meson interaction, and therefore
qualify as vector-vector molecules. Many studies adopt-
ing such a scenario have been performed in mesonic reac-
tions and all yield positive results. In the present work,
we have proposed to test the molecular picture in the
photonuclear reaction. The elements needed for the test
are very simple, which makes particularly transparent the
interpretation of the results. On one side the f ′2(1525)
and K∗2 (1430) couple to V V in I = 0 and I = 1/2, re-
spectively, and the couplings have been fixed before in
the unitary approach that generates the f ′2(1525) and
K∗2 (1430) as a V V molecule based on the local hidden
gauge formalism for the interaction of vector mesons.
On the other side, with these couplings and the vector
meson dominance hypothesis, incorporated in the local
hidden gauge approach, the photon gets converted into
one of the vector mesons, which interact with the vec-
tor meson emitted by the incoming proton to generate
the f ′2(1525) and K
∗
2 (1430) resonances. With this simple
picture we predict both the differential and total cross
sections, which could be tested by future experiments,
such as those at CLAS.
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